ABSTRACT
pre-dispersal seed predation, phenotypic selection analysis, stigmatic pollen load, seed 48 survival. 
INTRODUCTION

Geographical variation in traits 153
To investigate geographical variation in traits, we measured phenotypic variation in 14 154 populations in Sichuan and Yunnan, southwest China. Detailed information on sampled 155 populations is provided in Table S1 .
157
Measurement of fitness components
158
Lifetime reproductive fitness of individual plants was not easily assessed, nor could we 159 measure the male component of fitness (dispersed pollen producing seeds on other plants).
160
We instead measured three components that seemed likely to contribute to female fitness and 161 would also be sensitive to the activities of pollinators and seed predators. Because seed 162 production was almost certainly pollen limited (see Results), the number of pollen grains on 163 the stigma at the end of a flower's period of receptivity should be a good indicator of potential 164 seed production. Indeed, the relationship between initial seed set and number of pollen grains 165 on the stigma number was linear (results not shown). Proportion of ovules growing into seeds 166 and those escaping seed predation also seemed to be important components of female fitness. 
203
Sometimes in heavily attacked populations capsule contents were completely consumed by 204 larvae. In these cases (up to 5 fruits per population) seed number was impossible to ascertain, 205 and these fruits could not be used in the analyses.
207
Data analysis
208
All statistical analyses were conducted using IBM SPSS 22 (IBM Corporation, 2014) .
210
Variation among populations --MANOVAs (multivariate analyses of variance) were 211 conducted separately on 1) vegetative traits and 2) floral traits to assess whether there was 212 significant among-population variation in vegetative and floral traits. The difference between 213 the initial seed set and the final seed production (= seed predation) was also compared across 214 populations, and the variation was assessed using Chi-square analysis. Arnold, 1983; see also Phillips and Arnold, 1989) . By pooling population data and including 234 both population and population-interaction terms, we were able to estimate overall mean 235 population effects and test whether phenotypic selection on floral traits varied among 236 populations (i.e. whether selection operated in a mosaic fashion).
237
We first assessed the number of pollen grains arriving on stigmas (mean = 12.28, SD = and the population  pollen-number interaction. We used a fourth model to evaluate controls 246 over final production of viable seeds in relation to amount of pollen on stigmas, initial seed 247 set, seed-predation rate, population identity, and corresponding interactions.
248
The models were evaluated using model selection, where the lowest 249 finite-sample-corrected Akaike Information Criterion (AICc) was assumed to indicate the 250 best model, at least when the difference was substantial (e.g. delta AICc > ca. 5, or a relative words, the simpler model (fewer terms) was chosen over the more complex model when the 253 explanatory powers were not significantly different (cf. Neter et al., 1985) . traits present in the four best GLM models described above. This allowed the causal effects 260 of variables and interrelated fitness parameters to be modelled using "biological common 261 sense" not necessarily captured in pure statistical models (Scheiner et al., 2000) .
262
Because the path analysis that follows involves pooling the population data on the 263 assumption of no significant interactions, we tested the best interaction models against the Table 1 ) to minimize the information loss, indicating no significant interaction. For 
340
In contrast, the best model for Model 4 (final seed production) included interaction terms (see 341   Table 1 ), so interactions were indicated in the path diagram and path coefficients were not 342 calculated.
343
The path diagram (Fig. 2) shows the postulated causal, independent effects (i.e. holding (Figs. 2, 3) . proportion of the corolla length) was associated with both increasing seed set and decreasing
364
proportion of seeds surviving seed predation (Fig. 4) . 
DISCUSSION
367
Population differences 368 We found that the study populations of Pedicularis rex had diverged significantly in floral 369 phenotype. Populations also differed significantly from one another in mean pollen loads on 370 the stigma, mean seed set, and mean rates of seed predation.
372
Pollination success and seed predation 373 We found that, as predicted, corollas that were more exserted from the bracts and those with Table S2 . Initial seed set (%), final seed set (%), seed predation (%) and comparison of 706 between initial and final seed set (Chi-Square analyses) shown for 12 populations, with P 707 < 0.05 indicated in bold. Numbers are standardized regression coefficients (= path coefficients), which vary between 1 and -1 (0 = no effect, 1 / -1 = complete determination). Coefficients of relationships affecting, or affected by, the interaction terms cannot be calculated in the same fashion as for the other paths and have not been included. (For details of the interactive effects on total seed set, see Table 1 .) The main effects of seed predation and initial seed set on final seed production are interpretable despite interactions, because the interactions result largely from significant variation in slope steepness but not direction (i.e. interactions are ordinal), although the effect sizes (path coefficients) are not easily interpreted and have been omitted. Depicted significance levels come from the GLM models: * P < 0.05, ** P < 0.01, *** P < 0.001. 
